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3ODVPLGPHGLDWHG UHVLVWDQFH WR SRO\P\[LQV PHGLDWHG E\ WKH 0&5
GHWHUPLQDQWVKDVEHHQUHFHQWO\UHSRUWHGLQEnterobacteriaceae ZRUOGZLGH8VLQJ
3&5EDVHG DQG FORQLQJ VWUDWHJLHV D VHULHV RIMoraxella VSHFLHVZHUH VFUHHQHG
IRUmcrOLNH JHQHVMoraxella VSS WKDW DUHPDLQO\ DQLPDO SDWKRJHQV EXWPD\











5HVLVWDQFH WR SRO\P\[LQV LQ Enterobacteriaceae UHVXOWV PRVWO\ IURP
FKURPRVRPDOPXWDWLRQVLQJHQHVLQYROYHGLQPRGLILFDWLRQRI WKH OLSRSRO\VDFFKDULGH
/36,QSDUWLFXODULWKDVEHHQVKRZQWKDWPXWDWLRQVWUXQFDWLRQVRULQVHUWLRQV
LQWR JHQHV HQFRGLQJ /36PRGLI\LQJ HQ]\PHV PD\ EH UHVSRQVLEOH IRU DFTXLUHG
UHVLVWDQFH WRSRO\P\[LQV LQEnterobacteriaceae  Acinetobacter baumannii
DQG Pseudomonas aeruginosa   +RZHYHU WKH SODVPLGPHGLDWHG SRO\P\[LQ
UHVLVWDQFHGHWHUPLQDQW0&5KDVEHHQUHSRUWHGUHFHQWO\IURPEscherichia coliDQG
Klebsiella pneumoniae LVRODWHV UHFRYHUHG IURP KXPDQV DQG DQLPDOV LQ &KLQD 
7KHQ WKHmcr-1 JHQH KDV EHHQ UHSRUWHG ZRUOGZLGH LQ RWKHU HQWHUREDFWHULDO JHQXV
LQFOXGLQJ Enterobacter Salmonella DQG Shigella  ,W KDV EHHQ LGHQWLILHG LQ
(QWHUREDFWHULDFHDH LVRODWHG IURP YDULRXV DQLPDO VSHFLHV LQFOXGLQJ FDWWOH FKLFNHQ
DQGSLJVDQGIURPULYHUVDPSOHVDQGYHJHWDEOHV
0&5LVDDPLQRDFLG ORQJSKRVSKRHWKDQRODPLQH WUDQVIHUDVHWKDWDGGV









 SURWHLQ  DPLQRDFLG ORQJ  DPLQRDFLG LGHQWLW\ ZLWK 0&5 KDV EHHQ
LGHQWLILHGLQ%HOJLXPIURPFROLVWLQUHVLVWDQWE. coli$GGLWLRQDOO\WKH0&5
DQG0&5YDULDQWV ERWKH[KLELWLQJVLQJOHDPLQRDFLG VXEVWLWXWLRQVFRPSDUHG WR
0&5 KDYH EHHQ LGHQWLILHG LQ ,WDO\ DQG &KLQD UHVSHFWLYHO\   6HYHUDO





RI0&5SURGXFLQJ LVRODWHV  ,Q IDFWSRO\P\[LQVDUHKHDYLO\XVHG LQYHWHULQDU\
PHGLFLQHZLWK 6SDLQ DQG ,WDO\ EHLQJ WKH FRXQWU\ZLWK WKH KLJKHVW FRQVRPSWLRQ IRU
IRRGSURGXFLQJ DQLPDOV LQ (XURSH  7KH IUHTXHQW LGHQWLILFDWLRQ RI 0&5
SURGXFLQJ LVRODWHV IURP DQLPDOV IXUWKHU HQKDQFHV WKH K\SRWKHVLV WKDW WKH DQLPDO
ZRUOGPLJKWEHWKHKRWVSRWRIWKLVUHVLVWDQFHGHWHUPLQDQW
,Q WKHLQLWLDOSXEOLVKHGZRUNVUHSRUWLQJ0&5DQG0&5UHVSHFWLYHO\








VRPH LQWULQVLF FKURPRVRPDO JHQHV IURPMoraxella VSHFLHV ZDV KLJKOLJKWHG 2XU
K\SRWKHVLV ZDV WKDW WKRVH ODWWHU PLJKW EH FDQGLGDWHV WR EH FRQVLGHUHG DV SRWHQWLDO
SURJHQLWRUVRIGLIIHUHQWmcrOLNHJHQHV
1RW RQO\ VHTXHQFH DQDO\VHV RImcrOLNH JHQHVZDV FRQVLGHUHG EXW DOVR WKH
IROORZLQJ IHDWXUHV ILUVW WKH mcr-1 JHQH LV YHU\ RIWHQ DVVRFLDWHG WR WKH LQVHUWLRQ
VHTXHQFH,6 ,6Apl1 WKDWPLJKWEH UHVSRQVLEOH IRU LWVPRELOL]DWLRQ7KDW ,6KDV




PHGLFLQH VXFK DV WKH floR JHQH HQFRGLQJ UHVLVWDQFH WR IORUIHQLFRO  0DQ\












Moraxella VSHFLHV DUH *UDPQHJDWLYH EDFWHULD EHLQJ FRPPHQVDOV RU SDWKRJHQV RI
DQLPDOVFDWWOHVKHHSFDWVGRJVUDEELWVDQGSLJVZLWKMoraxella catarrhalis EHLQJ
DPXFRVDOFRPPHQVDORUSDWKRJHQIRUKXPDQV,QVLOLFRDQDO\VLVRYHU*HQEDQN




Moraxella VSHFLHV FRUUHVSRQGLQJ WR Moraxella lincolnii &,3, Moraxella 
bovoculi &,37 Moraxella porci &,37 Moraxella lacunata 
&,3 Moraxella saccharolytica &,3 DQG &,3  Moraxella bovis
&,37 DQG &,3 Moraxella equi &,37 Moraxella canis 
&,37 Moraxella caprae &,37 Moraxella boevrei &,37
Moraxella nonliquefaciens &,3 Moraxella laennata &,3 DQG









)RU ¶7$7&*&7$7*7*&7$$$*&&¶ DQG 0&55HY ¶
7&77**7$777**&**7$7&¶ 7KH DQQHDOLQJ WHPSHUDWXUH ZDV GHFUHDVHG WR
& LQ RUGHU WR DOORZ WKH DPSOLILFDWLRQ RI '1$ WDUJHWV WKDW PLJKW EH QRW IXOO\
KRPRORJRXV WR WKHmcr JHQHV )RU WKRVH 3&5JLYLQJ SRVLWLYH UHVXOWV RQO\ LQWHUQDO
DPSOLILFDWLRQVRIWKHmcr-OLNHJHQHVZHUHREWDLQHG,QRUGHUWRJDLQNQRZOHGJHDERXW
WKHHQWLUHmcrOLNHJHQHVDQLQYHUVH3&5VWUDWHJ\ZDVXVHGDVUHSRUWHG%ULHIO\





VWUDLQV FRUUHVSRQGLQJ WRM. lincolnii, M. porci DQGM. osloensis6XEVHTXHQWO\ WKH
HQWLUH mcrOLNH JHQHV ZHUH LGHQWLILHG XVLQJ WKH LQYHUVH3&5 VWUDWHJ\ 7KH
FRUUHVSRQGLQJSURWHLQVUHVSHFWLYHO\QDPHG0&5/,1 IRUM. lincolnii0&5325 IRU
M. porci DQG0&526/ IRUM. osloensis VKDUHG VLJQLILFDQW DPLQR DFLG LGHQWLWLHV








1RWHZRUWK\ WKHPRVW FORVHO\UHODWHGYDULDQW FRPSDUHG WR0&5ZDV LGHQWLILHG LQ
M. porci ZKLOH WKH PRVW FORVHO\UHODWHG YDULDQW RI 0&5 ZDV LGHQWLILHG LQM. 
osloensis. 7KRVH LGHQWLWLHV ZHUH DOVR FDOFXODWHG IRU WKH FRUUHVSRQGLQJ JHQHV DW WKH
QXFOHRWLGHOHYHOVDQGIXUWKHUFRQILUPHGWKHVLJQLILFDQWGHJUHHRIVLPLODULW\ZLWKmcr-
OLNHJHQHVVKDULQJFDLGHQWLW\ZLWKWKHmcr-1DQGmcr-2JHQHV7DEOH.
,QWHUHVWLQJO\ ZKHQ FRQVLGHULQJ WKH UHFHQWO\ GHWHUPLQHG VWUXFWXUH RI WKH
FDWDO\WLF GRPDLQ RI 0&5  DOO 0&5OLNH SURWHLQV LGHQWLILHG LQ WKLV VWXG\
SRVVHVV WKHVL[F\VWHLQHUHVLGXHV IRUPLQJ WKH WKUHHGLVXOILGHEULGJHVRI WKHFDWDO\WLF
GRPDLQ)LJXUH7KH WKUHRQLQHUHVLGXHVKRZQWREH WKHFDWDO\WLFQXFOHRSKLOH
ZDVDOVRFRQVHUYHGLQDOOWKRVHSURWHLQV$SK\ORJHQHWLFWUHHZDVHODERUDWHGZLWK
QXFOHRWLGH VHTXHQFHV RI WKH JHQHV HQFRGLQJ WKH GLIIHUHQW0&5OLNH HQ]\PHV DORQJ
ZLWKRWKHUSXWDWLYHSKRVSKRHWKDQRODPLQH WUDQVIHUDVHSURWHLQV ,QWHUHVWLQJO\0&5
DQG 0&5 VLJQLILFDQWO\ FOXVWHUHG ZLWK WKRVH QHZO\LGHQWLILHG 0&5OLNH
GHWHUPLQDQWV IURP Moraxella VSS )LJXUH  SDQHO $ 1RWHZRUWK\ WKH









WKDW VSHFLHV LQWR WKH IDPLO\ 0RUD[HOODFHDH  ,Q SDUDOOHO WKH SK\ORJHQHWLF WUHH
HODERUDWHGZLWKVHTXHQFHVRIWKH651$JHQHVHTXHQFHVRIWKRVHGLIIHUHQWEDFWHULDO
VSHFLHVFRQILUPHGWKDWIHDWXUH)LJXUHSDQHO%
:KHQ DQDO\]LQJ WKH QXFOHRWLGH VHTXHQFHV ORFDWHG GRZVWUHDP RI mcrOLNH
JHQHV WKH VLJQLILFDQW LGHQWLW\ EHWZHHQ WKHPRELOL]HG IUDJPHQW HQFRPSDVVLQJ HLWKHU
mcr-1 RU mcr-2 DQG WKRVH LGHQWLILHG LQ WKH FKURPRVRPH RI WKHMoraxella VSHFLHV
ZHUHHYLGHQFHG,QGHHGKRPRORJXHVRIWKHDPLQRDFLGORQJRSHQUHDGLQJIUDPH
SUHYLRXVO\ LGHQWLILHG GRZQVWUHDP RImcr-1 ZHUH DOVR LGHQWLILHG GRZQVWUHDP RI WKH















6LQFH WKHmcr-1JHQH LVPRVWRIWHQDVVRFLDWHG WRWKH,6Apl1HOHPHQWD3&5
VSHFLILF IRU WKDW ,6 HOHPHQW ZDV SHUIRUPHG ZLWK DOOMoraxella VWUDLQV $ SRVLWLYH
VLJQDO ZDV IRXQG ZLWK WKHM. porcii VWUDLQ DQG VHTXHQFLQJ FRQILUPHG D SHUIHFW
LGHQWLW\ZLWK ,6Apl1 1RWLFHDEO\ ,6Apl1 ZDV QRW ORFDWHG XSVWUHDP RI WKHmcr-por
JHQH E\ FRQWUDVW WRZKDW LV REVHUYHG IRU ERWKmcr-1 DQGmcr-2 JHQHV. 7KLV UHVXOW
KLJKOLJKWVWKDWVRPHMoraxellaVSHFLHVPD\SRVVHVVLQWKHLUJHQRPHERWKWKHSXWDWLYH
UHVLVWDQFH JHQH DORQJ ZLWK WKH JHQHWLF WRRO OLNHO\ LQYROYHG LQ WKHLU PRELOL]DWLRQ
WKHUHIRUH UHLQIRUFLQJ WKH SRVVLELOLW\ RI RFFXUUHQFH RI VXFK PRELOL]DWLRQ SURFHVV
1RWHZRUWK\ZHUHFHQWO\GHPRQVWUDWHGWKDW,6Apl1HOHPHQWVFRXOGPRELOL]HWKHmcr-1
JHQHE\WUDQVSRVLWLRQPDQXVFULSWLQUHYLVLRQ
7KHGLIIHUHQWmcrOLNHJHQHVZHUHFORQHG LQ WKH VDPH/DUDELQRVH LQGXFLEOH
YHFWRU S%$'E  5HFRPELQDQW SODVPLGVZHUH H[SUHVVHG LQWRE. coli 723 E\
DGGLQJ/DUDELQRVHDQG0,&YDOXHVRIFROLVWLQZHUHGHWHUPLQHGE\EURWKGLOXWLRQ
PHWKRGV DV UHFRPPHQGHG E\&/6,  3URGXFWLRQ RI 0&5/,1 DQG0&5325
FRQIHUUHGRUIROGLQFUHDVHG0,&YDOXHVRIFROLVWLQLQE. coli IURPWRRU








JPO 1RQHWKHOHVV XVLQJ WKH H[DFW VDPH EDFNJURXQG WKH KLJKHVW 0,& YDOXH RI
FROLVWLQ ZDV DFKLHYHG ZLWK 0&5 WKXV KLJKOLJKWLQJ WKDW 0&5 ZDV WKH PRVW
HIILFLHQWHQ]\PHWRFRQIHUDFTXLUHGUHVLVWDQFHWRFROLVWLQLQE. coli. 1RWHZRUWK\ERWK
M. lincolniiDQGM. porci VKRZHGKLJK0,&YDOXHVRIFROLVWLQJPO
7KLV UHSRUW LQGLFDWHV WKDWMoraxella FRQVWLWXWH D UHVHUYRLU RImcrOLNH JHQHV
WKDW PLJKW EH PRELOL]HG IURP WKHLU RULJLQDO KRVW WR EHFRPH DFTXLUHG UHVLVWDQW
GHWHUPLQDQWVLQFOLQLFDOO\VLJQLILFDQWVSHFLHVDVSUHYLRXVO\VKRZQIRURWKHUUHVLVWDQFH
JHQHVZLWKKluyvera VSS EHLQJ WKH VRXUFHV RI&7;0W\SH H[WHQGHGVSHFWUXP 
ODFWDPDVH JHQHV   Citrobacter freundiiMorganella morganii DQG Hafnia
alveiRI$PS&W\SHODFWDPDVHJHQHVShewanellaVSSRI2;$DQG
2;$ FDUEDSHQHPDVH JHQHV   DQG Shewanella algae RI WKH SODVPLG
PHGLDWHGTXLQRORQHUHVLVWDQFHGHWHUPLQDQWV4QU$
,WLVWHPSWLQJWRVSHFXODWHWKDWWKHKHDY\XVDJHRISRO\P\[LQVLQDQLPDOVPD\EHD
VHOHFWLYH IDFWRU IRU PRELOL]LQJ WKRVH QDWXUDOO\RFFXUULQJ 0&5 UHVLVWDQFH





















 3RLUHO / -D\RO $ 1RUGPDQQ 3 3RO\P\[LQV DQWLEDFWHULDO DFWLYLW\ VXVFHSWLELOLW\















  7KHmgrB JHQH DV D NH\ WDUJHW IRU DFTXLUHG UHVLVWDQFH WR FROLVWLQ LQKlebsiella 
pneumoniae-$QWLPLFURE&KHPRWKHU























'HWHFWLRQ RI WKH SODVPLGPHGLDWHGmcr-1 JHQH FRQIHUULQJ FROLVWLQ UHVLVWDQFH LQ KXPDQ
DQG IRRG LVRODWHVRISalmonella enterica DQGEscherichia coli LQ(QJODQGDQG:DOHV -
$QWLPLFURE&KHPRWKHU
0F*DQQ 3 6QHVUXG ( 0D\EDQN 5 &RUH\ % 2QJ $& &OLIIRUG 5 +LQNOH 0











mcr-1 JHQH LQ FROLVWLQUHVLVWDQW Enterobacter aerogenes DQG Enterobacter cloacae
$QWLPLFURE$JHQWV&KHPRWKHU




DYLDQSDWKRJHQLF Escherichia coli LQ 6RXWK $IULFD $QWLPLFURE $JHQWV &KHPRWKHU

2ODLWDQ $2 7KRQJPDOD\YRQJ % $NNKDYRQJ . 6RPSKDYRQJ 6 3DERULERXQH 3
.KRXQV\ 60RUDQG 6 5RODLQ -0  &ORQDO WUDQVPLVVLRQ RI D FROLVWLQUHVLVWDQW
Escherichia coli IURPDGRPHVWLFDWHGSLJWRDKXPDQLQ/DRV-$QWLPLFURE&KHPRWKHU










Enterobacteriacae LQ ULYHU ZDWHU DQG LPSRUWHG YHJHWDEOH VDPSOHV LQ 6ZLW]HUODQG
$QWLPLFURE$JHQWV&KHPRWKHU





WUDQVIHUDEOH SODVPLG IURPD FROLVWLQUHVLVWDQW.3&FDUEDSHQHPDVHSURGXFLQJKlebsiella 
pneumoniaeVWUDLQRI6HTXHQFH7\SH$QWLPLFURE$JHQWV&KHPRWKHU
/X;+X</XR0=KRX+:DQJ;'X</L=;X-=KX%;X;.DQ%














0DGHUR & 0DWLDV )HUUHLUD 3RPED 0& 3RZHOO 0 3\|UlOl 6 5DQWDOD 0




7HJHWPH\HU+( -RQHV 6&/DQJIRUG35%DOWHV1 ,6Apl1 D QRYHO LQVHUWLRQ




+X < /LX ) /LQ ,< *DR *) =KX %  'LVVHPLQDWLRQ RI WKHmcr-1 FROLVWLQ
UHVLVWDQFHJHQH/DQFHW,QIHFW'LV










6XQ - 'HQJ + /L / &KHQ 0< )DQJ /; <DQJ 4( /LX <+ /LDR ;3 
&RPSOHWH QXFOHRWLGH VHTXHQFH RI cfrFDUU\LQJ ,QF; SODVPLG S6' IURPEscherichia 
coli$QWLPLFURE$JHQWV&KHPRWKHU
$HEL & Moraxella catarrhalis  SDWKRJHQ RU FRPPHQVDO" $GY ([S 0HG %LRO

%HOODLV 6 3RLUHO / /pRWDUG 6 1DDV 7 1RUGPDQQ 3  *HQHWLF GLYHUVLW\ RI
FDUEDSHQHPK\GURO\]LQJPHWDOORODFWDPDVHVIURPChryseobacteriumFlavobacterium
indologenes$QWLPLFURE$JHQWV&KHPRWKHU
6WRMDQRVNL 9 6DQNDUDQ % 3UDVDG %9 3RLUHO / 1RUGPDQQ 3 3DO]NLOO 7 
6WUXFWXUH RI WKH FDWDO\WLF GRPDLQ RI WKH FROLVWLQ UHVLVWDQFH HQ]\PH0&5 %0& %LRO

.DZDPXUD < )XMLZDUD 1 1DND 7 0LWDQL $ .XERWD + 7RPLGD - 0RULWD <
+LWRPL -  *HQXV Enhydrobacter 6WDOH\ HW DO  VKRXOG EH UHFRJQL]HG DV D
PHPEHURIWKHIDPLO\5KRGRVSLULOODFHDHZLWKLQWKHFODVV$OSKDSURWHREDFWHULD0LFURELRO
,PPXQRO










&OLQLFDO DQG /DERUDWRU\ 6WDQGDUGV ,QVWLWXWH  3HUIRUPDQFH VWDQGDUGV IRU
DQWLPLFURELDO VXVFHSWLELOLW\ WHVWLQJ WZHQW\IRXUWK LQIRUPDWLRQDO VXSSOHPHQW06
&/6,:D\QH3$
+XPHQLXN& $UOHW**DXWLHU9*ULPRQW 3 /DELD5 3KLOLSSRQ$  %HWD
ODFWDPDVHVRIKluyvera ascorbataSUREDEOHSURJHQLWRUVRIVRPHSODVPLGHQFRGHG&7;
0W\SHV$QWLPLFURE$JHQWV&KHPRWKHU
3RLUHO /.lPSIHU 31RUGPDQQ3 &KURPRVRPHHQFRGHG$PEOHU FODVV$ 
ODFWDPDVH RI Kluyvera georgiana D SUREDEOH SURJHQLWRU RI D VXEJURXS RI &7;0
H[WHQGHGVSHFWUXPODFWDPDVHV$QWLPLFURE$JHQWV&KHPRWKHU













:X 6: 'RUQEXVFK . .URQYDOO * 1RUJUHQ 0  &KDUDFWHUL]DWLRQ DQG
QXFOHRWLGH VHTXHQFH RI DKlebsiella oxytoca FU\SWLF SODVPLG HQFRGLQJ D &0<W\SH 
ODFWDPDVH FRQILUPDWLRQ WKDW WKH SODVPLGPHGLDWHG FHSKDP\FLQDVH RULJLQDWHG IURP WKH
Citrobacter freundii$PS&ODFWDPDVH$QWLPLFURE$JHQWV&KHPRWKHU
3RLUHO / +pULWLHU & 1RUGPDQQ 3  &KURPRVRPHHQFRGHG DPEOHU FODVV ' 





























0&5&$7 IURPM. catarrhalis,0&526/ IURPM. osloensis DQG0&5325 IURPM.
porci. 'RWVDUHIRULGHQWLFDODPLQRDFLGUHVLGXHV7KHFRQVHUYHGF\VWHLQHUHVLGXHVIRUPLQJ




)LJXUH  3K\ORJHQHWLF WUHH REWDLQHG IRU D VHULHV RI SKRVSKRHWKDQRODPLQH WUDQVIHUDVH
HQFRGLQJ JHQHV SDQHO $ DQG 6 51$ JHQHV SDQHO % E\ WKH GLVWDQFH PHWKRG XVLQJ
1HLJKERU-RLQLQJDOJRULWKP6HD9LHZYHUVLRQVRIWZDUH%UDQFKOHQJWKVDUHGUDZQWR












GLIIHUHQWMoraxellaVSHFLHVQDPHO\M. porciiM. osloensisM. lincolniiDQGM. catarrhalis
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     'LVWDQFHIURP
*HQH  25)OHQJWK mcrVWRSFRGRQ ,GHQWLW\DPLQRDFLGV
  DPLQRDFLGV  QXFOHRWLGHV  RI25)0&5FRYHUDJHD

mcr-1        
mcr-2  D     F
mcr26/      
mcr&$7       
mcr/,1       
mcr325      
D7KH FRYHUDJH UHSUHVHQWV WKH SHUFHQWDJH RI WKH TXHU\ VHTXHQFH WKDW RYHUODSV WKH
VXEMHFWVHTXHQFHLH25)0&5E3XWDWLYH25)RI0&5LVWUXQFDWHGE\DFRS\RI
,61595F&RYHUDJHZDVFDOFXODWHGIURPWKHDOLJQPHQWRIWKHWUXQFDWHG25)0&5DQG
WKHILUVWDPLQRDFLGVRI25)0&5 7KHmcr26/ mcr&$7 mcr/,1DQG mcr325JHQHV
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